The eye is a vital sensory organ for vertebrates critical for vision and systematic locomotion. The eye lens focusses light rays onto the retina to create clear images of objects that we see. As an organism ages the proteins in the eye lens undergo various post translational modifications leading to protein aggregation and cloudiness in the lens. This leads to the formation of cataracts that cause blurred vision and difficulty with night vision. The mechanism of protein aggregation in the eye lens is not well understood even though the phenomenon has been studied for decades. One proposed model arises from mass spectrometric studies of isolated cataract from eye lenses of a guinea pig model, suggesting that low molecular weight peptides are formed due to age related degradation of the major lens protein αA-crystallin [1]. These low molecular weight peptides in turn accelerate the aggregation of remaining intact α-crystallin protein which leads to protein aggregation and ultimately result in cataract formation in the lens nucleus [2] . Specifically a peptide named αA(66-80) with the sequence SDRDKFVIFLDVKHF cleaved from the region of 66-80 within the α-crystallin was found to form amyloid fibrils and accelerate the aggregation of recombinant αA-crystallin proteins in vitro. To study whether this in vitro generated model can occur in vivo, we used a guinea pig model treated with hyperbaric oxygen to induce age-related cataract formation. The aggregating peptide αA(66-80) was also detected in the guinea pig model treated with hyperbaric oxygen.
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In order to study the mechanism of protein aggregation, we incubated recombinant guinea pig αAcrystallin and its splice variant α ins -crystallin with the αA(66-80) peptide. This splice variant is called alpha A insert crystallin because it contains additional 23 amino acids arising from the intron and is present at 10% of the total α-crystallin in guinea pig lenses. This αA ins -crystallin when incubated in vitro with the αA(66-80) peptide , forms amyloid like aggregates, whereas the αA-crystallin formed aggregates by clustering of αA-crystallin oligomers. The amyloid like aggregates when analyzed by electron microscopy, have a repeating structure that is induced by addition of the αA(66-80) peptide. These amyloid-like aggregates were not formed when the α ins -crystallin was incubated in the presence of the reducing agent dithiothreitol (DTT). From these results we hypothesize that the presence of two cysteine (-SH) groups along with the 23 amino acid sequence in α ins -crystallin may contribute to form amyloidlike aggregates induced by αA(66-80) peptide.
In the present study, we have used cryo-electron microscopy (cryo-EM) to characterize the structural organization of the filaments formed due to interaction of guinea pig αA ins -crystallin and αA 66-80 peptide. Guinea pig αA ins -crystallin and peptide mixture ∼0.25 mg/ml in 1 X PBS [1] was applied to a glow discharged holy carbon grid (Electron Microscopy Sciences) in the chamber of a Vitrobot (Thermo Fisher) set at 4°C and 100% relative humidity. The grid was then blotted for 3.5 s (Blot force 1) and plunged into liquid ethane. Micrographs (movie stacks) were collected on a Thermo Fisher Titan Krios electron microscope operated at 300 kV equipped with Gatan K2 direct electron detector (DED) camera. A total of 1290 micrographs were collected with a nominal magnification of 29,000x giving a final pixel size of 1.0 Å per pixel. Fourty frames of 200 ms each were collected with a defocus range from 1.3 to 3.5 μm at
